Exchange of guanine nucleotides between tubulin and GTP-binding proteins that regulate adenylate cyclase: cytoskeletal modification of neuronal signal transduction.
Tubulin, the primary constituent of microtubules, is a GTP-binding proteins with structural similarities to other GTP-binding proteins. Whereas microtubules have been implicated as modulators of the adenylate cyclase system, the mechanism of this regulation has been elusive. Tubulin, polymerized with the hydrolysis-resistant GTP analog, 5'-guanylylimidodiphosphate [Gpp(NH)p], can promote inhibition of synaptic membrane adenylate cyclase which persists subsequent to washing. Tubulin with Gpp(NH)p bound was slightly less potent than free Gpp(NH)p in the inhibition of adenylate cyclase, but tubulin without nucleotide bound had no effect on the enzyme. A GTP-binding protein from the rod outer segment (transducin), with Gpp(NH)p bound, was also without effect on adenylate cyclase. Tubulin (regardless of the nucleotide bound to it) did not alter the activity of the adenylate cyclase catalytic unit directly. When tubulin was polymerized with the hydrolysis-resistant photoaffinity GTP analog, [32P]P3(4-azidoanilido)-P1-5'-GTP ([32P]AAGTP), and this protein was added to synaptic membranes, AAGTP was transferred from tubulin to the inhibitory GTP-binding protein, Gi. This transfer was blocked by prior incubation of the membranes with Gpp(NH)p or covalent binding of AAGTP to tubulin prior to exposure of that tubulin to membranes. Incubation of membranes with Gpp(NH)p subsequent to incubation with tubulin-AAGTP results in a decrease in AAGTP bound to Gi and a compensatory increase in AAGTP bound to the stimulatory GTP-binding protein, Gs. Likewise, persistent inhibition of adenylate cyclase by tubulin-Gpp(NH)p could be overridden by the inclusion of 100 microM Gpp(NH)p in the assay inhibition. Whereas Gpp(NH)p promotes persistent inhibition of synaptic membrane adenylate cyclase without incubation at elevated temperatures, tubulin [with AAGTP or Gpp(NH)p bound] requires 30 s incubation at 23 degrees C to effect adenylate cyclase inhibition. Photoaffinity experiments yield parallel results. These data are consistent with synaptic membrane tubulin regulating neuronal adenylate cyclase by transferring GTP to Gi and, subsequently, to Gs.